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Purpose: Forkhead box P3 (Foxp3) is known as the most specific 
marker for regulatory T lymphocytes, which play an important role 
in immune tolerance to disturb antitumor immunity. The present 
study aimed to investigate the prognostic significance of Foxp3 
regulatory T lymphocyte (Foxp3 Treg) infiltration in breast cancer. 
Methods: Immunohistochemical studies with Foxp3, CD4, and 
CD8 were performed on representative full tissue sections from 
143 patients with invasive ductal carcinoma, not otherwise speci- 
fied. Foxp3 Treg infiltration and the ratios between Foxp3 Treg 
and CD4 or CD8 T cells were separately analyzed for the tumor 
bed and tumor periphery to evaluate their association with differ- 
ent clinicopathological parameters and patients' outcome. Re- 
sults: The tumor periphery was considerably more densely infil- 
trated by Foxp3 Treg, CD4, and CD8 T cells than the tumor bed. 
Unfavorable clinicopathological parameters (a Ki-67 labeling in- 



dex of > 14%, a worse histologic grade, a worse nuclear grade, 
hormone receptor negativity, human epidermal growth factor re- 
ceptor 2 positivity, and tumor recurrence) were associated with 
increased Foxp3 Treg infiltration and a high ratio between Foxp3 
Treg and CD4/CD8 T cells. In the tumor periphery, as Foxp3 Treg 
infiltration and the Foxp3 Treg/CD8 ratio increased, patients' 
5-year disease-free survival rate decreased. Conclusion: The infil- 
tration densities of Foxp3 Treg, CD4, and CD8 T cells were 
markedly different between the tumor bed and periphery. Be- 
sides the absolute count of Foxp3 Treg, the ratio between Foxp3 
Treg and effector T cells was a significant prognostic factor in 
breast cancer. 
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INTRODUCTION 

Regulatory T lymphocytes (Treg), comprising a subpopula- 
tion of CD4 T lymphocytes, mediate peripheral tolerance by 
suppressing self- antigen reactive T cells [1,2]. Since most tu- 
mor antigens are self- antigens [2], the suppression of tumor 
antigen reactive T lymphocytes by Treg is an important obsta- 
cle in antitumor immunity [3]. The transcription factor fork- 
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head box P3 (Foxp3) which plays an important role in the de- 
velopment and function of CD4/CD25 Treg, is known as the 
most specific marker of Treg and has been previously utilized 
for Treg quantification [4-6]. 

Foxp3 regulatory T lymphocytes (Foxp3 Treg) suppress 
various immune cells, including CD4 and CD8 T lympho- 
cytes, dendritic cells, B cells, and macrophages [7], via multi- 
ple mechanisms. First, Foxp3 Treg can inhibit effector T cells 
via the secretion of inhibitory cytokines, such as interleukin 
(IL)-10 or tumor growth factor 1(3 (TGF-1(3). Second, a high 
level of CD25 (IL-2 receptor a chain) expression in Foxp3 
Treg can result in the competitive consumption of IL-2 by 
Foxp3 -negative T cells, which subsequently inhibits the prolif- 
eration of effector T cells. Finally, Foxp3 Treg can directly 
eliminate effector T cells through the perforin- and granzyme- 
dependent pathways [7-11]. Furthermore, increased Foxp3 
Treg infiltration has been known to be associated with unfa- 
vorable outcomes and various poor prognostic factors in many 
cancers [12-17]. 

Previous studies have shown that the infiltration pattern of 
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tumor-infiltrating lymphocytes (TIL) differs between the tu- 
mor bed and its surrounding tissues. Additionally, both the 
infiltration pattern and the TIL population have been shown 
to influence tumor prognosis [13,18,19]. However, to date, 
few studies have investigated the zonal difference of Foxp3 
Treg infiltration in breast cancer. Since Foxp3 Treg interacts 
with various target cells, an assessment of the relative propor- 
tion between Foxp3 Treg and its target cells is considered 
more reliable than that of Foxp3 Treg alone. This study there- 
fore aimed to investigate Foxp3 Treg infiltration and the rela- 
tive ratio between Foxp3 Treg and CD4 or CD8 T lympho- 
cytes in the tumor bed and tumor periphery, respectively, and 
to assess the association of these factors with clinicopathologi- 
cal parameters, biologic subtypes, and prognosis in breast 
cancer. 

METHODS 

Patient selection 

The present study included 143 patients who had been diag- 
nosed with invasive ductal carcinoma, not otherwise specified, 
and undergone surgical excision at Ewha Womans University 
Mokdong Hospital between January 2003 and December 2007. 
Patients who received preoperative hormonal therapy or neo- 
adjuvant chemotherapy were excluded. Cases in which the tu- 
mor size was less than 0.5 cm or the proportion of ductal carci- 
noma in situ was more than 50% were also excluded. All hema- 
toxylin-and-eosin-stained slides for each case were retrospec- 
tively reviewed, and the most representative tumor block was 
selected. Histological grade was assessed using the Nottingham 
grading system [20]. Clinicopathological parameters evaluated 
for each breast cancer patient included the patients age at his/ 
her initial diagnosis, tumor size, lymph node metastasis, histo- 
logic grade, nuclear grade, estrogen receptor (ER) and proges- 
terone receptor (PR) status, human epidermal growth factor 
receptor 2 (HER2) status, tumor recurrence, distant metastasis, 
and survival. The median follow-up duration after surgery was 
69 months. This study was approved by the Institutional Re- 
view Board of Ewha Womans University Mokdong Hospital 
(IRB approval number, 14-05-06). 

Immunohistochemistry 

Immunohistochemistry (IHC) was performed on represen- 
tative full tissue sections of formalin-fixed paraffin-embedded 
tumor blocks using monoclonal antibodies against Foxp3 
(clone 236A/E7, dilution 1:200; Abeam, Cambridge, UK), 
CD4 (clone 4B12, dilution 1:60; Novocastra, Newcastle, UK), 
and CD8 (clone 4B11, dilution 1:80; Novocastra). Staining 
procedure was conducted using a Leica-BOND III automat- 



ed IHC system (Leica Microsystems, Wetzlar, Germany) ac- 
cording to a modified manufacturer protocol. The Bond 
Polymer Refine Detection Kit (Leica Microsystems) was used 
following antigen retrieval with Solution 1 (Leica Microsys- 
tems). Briefly, tissue sections on adhesive glass slides were 
deparaffinized, hydrated in serially diluted alcohol, and im- 
mersed in 3% hydrogen peroxide to remove endogenous per- 
oxidase activity. Sections were subsequently processed in 
EDTA buffer (pH 9.0) for CD4 or CD8, and citrate buffer (pH 
6.0) for Foxp3 for 15 minutes in the microwave for antigen re- 
trieval. After incubation with the primary antibodies, immu- 
no-detection was performed according to the manufacturers 
guidelines. We used 3 , -diaminobenzidine chromogen as the 
substrate. The primary antibody incubation step was omitted 
in the negative control. Slides were counterstained with May- 
ers hematoxylin. 

Quantification of Foxp3 Treg, CD4 T cells, and CD8 T cells 

Foxp3 Treg, CD4, and CD8 T lymphocyte infiltration were 
separately quantified for the tumor bed and tumor periphery. 
The tumor periphery was defined as the area within a 400 x 
high power field (HPF) from the outline of the tumor. Tumor 
bed was defined as the area at least one 400 x HPF apart from 
the tumor outline toward center of the tumor. Treg, CD4, and 
CD8 T cells were manually counted in 5 HPFs with the dens- 
est infiltration within the tumor bed and tumor periphery, re- 
spectively. The average number of cells was then calculated 
from such counts. The ratios of Foxp3 Treg to CD4 or CD8 T 
cells in the tumor bed and tumor periphery were also sepa- 
rately calculated. Nuclear or cytoplasmic staining for Foxp3 
by tumor cells was neglected. 

Biologic subtype classification 

In this study, breast cancer was classified into four biologic 
subtypes based on IHC profiles of ER/PR and HER2. A cutoff 
value of > 1% positively stained nuclei was used to define ER 
and PR positivity [21]. IHC staining for HER2 was evaluated 
according to the American Society of Clinical Oncology/Col- 
lege of American Pathologists guidelines, using the following 
categories: 0, no staining; 1+, weak, incomplete membranous 
staining (< 10% of tumor cells); 2+, complete membranous 
staining, either uniform or weak ( > 10% of tumor cells); and 
3+, uniform intense membranous staining ( > 30% of tumor 
cells) [22]. A sample was considered HER2-positive when in- 
tense membranous staining (3+) was observed. IHC result 
for Ki-67 was determined by the percentage of tumor cells 
with positively stained nuclei. According to the above criteria, 
all breast cancers were classified as follows [23]: luminal A 
type: ER and/or PR positive, HER2 negative, and Ki-67 label- 
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ing index (LI) < 14%; HER2-negative luminal B type: ER 
and/or PR positive, HER2 negative, and Ki-67 LI > 14%; 
HER2-positive luminal B type: ER and/or PR positive and 
HER2 positive; HER2 type: ER and PR negative and HER2 
positive; triple negative breast cancer (TNBC): ER, PR, and 
HER2 negative. 

Statistical analysis 

Data were processed using the SPSS for Windows version 
20.0 (IBM, Armonk, USA). The Mann- Whitney U test and 
Kruskal-Wallis test were used to examine differences between 
Foxp3 Treg, Foxp3 Treg/CD4 T cells, and Foxp3 Treg/CD8 T 
cells according to the included clinicopathological parameters. 
If the Kruskal-Wallis test resulted in a p-value of < 0.05, a post 
hoc Conover multiple comparison test was performed for 
pairwise comparison of subgroups. Kaplan-Meier survival 
curves and log- rank statistics were used to evaluate time to 
tumor recurrence and time to death. Multivariate regression 
analysis was performed using the Cox proportional hazards 
model. In all analyses, a p-value of < 0.05 indicated statistical 
significance. 



Table 1 . Clinicopathological characteristics of the patients (n = 143) 



Parameter 


No. (%) 


Age (yr) 




<35 


7(4.9) 


>35 


136 (95.1) 


Tumor size 




T1.T2 


137 (95.8) 


T3 


6(4.2) 


LN metastasis 




Negative 


110(76.9) 


Positive 


33 (23.1) 


Histologic grade 




1 


34 (23.8) 


2 


80 (55.9) 


3 


29 (20.3) 


Nuclear grade 




1 


13(9.1) 


2 


101 (70.6) 


3 


29 (20.3) 


Molecular subtype 




Luminal A 


89 (62.2) 


Luminal B, HER2-positive 


21 (14.7) 


Luminal B, HER2-negative 


5 (3.5) 


HER2 type 


14(9.8) 


TNBC 


14(9.8) 



RESULTS 

Patients' clinicopathological characteristics 

The clinicopathological characteristics of the study group are 
shown in Table 1. The age at initial diagnosis was over 35 years 
in 136 patients (95.1%). The tumor size was < 5 cm (Tl and 
T2) in 137 patients (95.8%), and lymph node metastasis was 
observed in 33 patients (23.1%). Breast cancer cases in all en- 
rolled patients were classified into biologic subtypes, including 
89 luminal A (62.2%), 21 HER2-positive luminal B (14.7%), 5 
HER2-negative luminal B (3.5%), 14 HER2 type (9.8%), and 
14 TNBC (9.8%). 

Difference in Foxp3Treg, CD4T cell, and CD8Tcell infiltration 
between the tumor periphery and tumor bed 

The density of Foxp3 Treg in the tumor periphery was re- 
markably higher than that in the tumor bed (p < 0.001) (Table 
2, Figure 1), with mean values of 32.0 and 19.2, respectively. 
CD4 and CD8 T cells, which are under the suppression of 
Foxp3 Treg, also showed denser infiltration in the tumor pe- 
riphery than in the tumor bed (p< 0.001) (Table 2, Figure 1). 
The ratios between Foxp3 Treg and CD4 or CD8 T cells were 
higher in the tumor bed than in the tumor periphery; howev- 
er, the difference was not statistically significant. 

Correlations between Foxp3 treg infiltration and 
clinicopathological parameters 

Differences in the infiltration of Foxp3 Treg in the tumor 
periphery and tumor bed were analyzed separately according 

Table 2. Zonal difference of Foxp3 Treg, CD4, and CD8 T cells infiltration 



Parameter 



Mean±SD 



p-value 



CD4 

Tumor periphery 

Tumor bed 
CD8 

Tumor periphery 

Tumor bed 
Foxp3 Treg 

Tumor periphery 

Tumor bed 
Foxp3/CD4 (%) 

Tumor periphery 

Tumor bed 
Foxp3/CD8 (%) 

Tumor periphery 

Tumor bed 



120.9±68.1* 
72.0±59.1* 

108.3 ±83.4* 
54.8 ±31.0* 

32.0 ±28.6* 
19.2±23.2* 

59.7±17.4 t 
70.3±14.2 f 

26.6±20.7 f 
29.7±16.3 t 



< 0.001 



< 0.001 



< 0.001 



0.570 



0.363 



LN = lymph node; HER2 = human epidermal growth factor receptor 2; TNBC= 
triple negative breast cancer. 



Foxp3=forkhead box P3; SD = standard deviation. 

* Absolute number; Relative ratio of Foxp3 Treg to effector T cell. 
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Figure 1. immunohistochemical (IHC) staining of CD4 in tumor periphery (IHC stain for CD4, x200) (A), CD4 in tumor bed (IHC stain for CD4, x200) 
(B), CD8 in tumor periphery (IHC stain for CD8, x200) (C), CD8 in tuomr bed (IHC stain for CD8, x200) (D), Foxp3 in tumor periphery (IHC stain for 
Foxp3, x200) (E), and Foxp3 in tumor bed (IHC stain for Foxp3, x200) (F). Tumor periphery shows denser infiltration of CD4, and CD8 T cells, and 
Foxp3 Tregs than tumor bed. 



to clinicopathological parameters (Table 3). In the tumor pe- breast cancer, including a Ki-67 LI of > 14% (p- 0.001), a 
riphery, an increased absolute count of Foxp3 Treg had a sig- worse histologic grade (p = 0.001), a worse nuclear grade (p = 
nificant association with various poor prognostic factors of 0.035), ER negativity (p = 0.010), and PR negativity (p = 0.019). 
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Table 3. Correlation of clinicopathological characteristics with Foxp3 Treg infiltration 



Clinicopathological parameter 


Foxp3 Treg in tumor periphery 






Fnyn.^ Trpn in ti imnr hpd 

1 VJAkJvJ 1 1 II 1 LUI 1 \\J\ kJOLJ 




Mean±SD 


Median (Q1 , Q3) 


p-value 


|\ /loon _j_ cn 

iviean ± ou 


ivieaian i , Uo) 


p-value 


Age (yr) 






0.097 






0.506 


<35 


15.6 + 12.9 


12.0(3.0, 25.0) 




18.3±22.9 


2.0 (0, 38.0) 




>35 


33.1 ±29.0 


26.5 (10.0, 48.8) 




19.5±23.3 


9.5 (3.0, 30.0) 




Tumor size 






0.490 






0.535 


T1, 2 


32.2±29.1 


25.0 (9.5, 48.0) 




19.5±23.6 


9.0 (2.0, 31.5) 




T3 


33.5±17.3 


34.0 (20.8, 45.0) 




1 8.2 + 1 1 .8 


j n a /~7 o on r\\ 

19.0 (7.3, 30.0) 




Ki-67 LI (%) 






0.001 






0.004 


<14 


27.0±26.2 


17.0 (7.0, 39.5) 




15.7±20.3 


7.0 (2.0, 25.0) 




>14 


43.0±30.7 


37.0 (18.0, 60.0) 




27.0±27.0 


25.0 (5.0, 38.0) 




LN metastasis 






0.061 






0.449 


Negative 


36.4±31.5 


30.0 (11.0, 55.0) 




21.1 ±24.9 


10.0 (2.0, 33.0) 




Positive 


24.5±20.6 


17.5(8.0, 35.0) 




16.3± 19.7 


8.5 (2.0, 30.0) 




Histologic grade 






0.001 






0.017 


1 


18.5+16.6 


12.0(5.0, 25.0) 




10.4+ 13.7 


7.0 (2.0, 12.0) 




2 


32.2±28.2 


28.0 (8.5, 45.0) 




20.2 ±23.8 


9.5 (2.0, 32.8) 




3 


48.7±32.9 


45.0 (20.0, 75.0) 




27.8±27.3 


25 (4.0, 36.5) 




Nuclear grade 






0.035 






0.130 


1 


20.6±21.4 


12.0(6.5, 35.5) 




8.5±9.3 


7.0 (1 .5, 12.0) 




2 


30.3±26.9 


25.0 (8.0, 45.0) 




18.0±20.4 


9.0 (2.0, 30.0) 




3 


44.4 ±33.8 


33.0 (12.0, 70.0) 




29.21 ±32.5 


25.0 (4.0, 37.5) 




ER status 






0.010 






0.189 


Negative 


45.5±35.1 


31.5 (15.0, 70.0) 




23.7 ±24.9 


13.5 (5.5, 34.5) 




Positive 


28.5±25.4 


22.0 (8.0, 45.0) 




18.2±22.7 


8.0 (2.0, 30.0) 




PR status 






0.019 






0.332 


Negative 


43.0 ±34.8 


34.0 (14.3, 70.0) 




22.5±24.0 


2.5 (3.0, 35.0) 




Positive 


27.8±24.4 


22.0 (8.0, 40.0) 




18.1 ±22.9 


8.0 (2.0, 30.0) 




HER2 status 






0.394 






0.949 


Negative 


31.6±28.8 


23.0 (8.0, 48.0) 




20.2 ±24.5 


10.0 (2.0, 30.8) 




Positive 


34.0±28.4 


28.0 (15.0, 45.0) 




17.2 + 19.5 


8.0 (3.0, 30.0) 




Molecular subtype 






U. (Jo/ 






O Q~7Q 


Luminal A 


28.3±26.2 


22.0 (7.0, 45.0) 




18.3±22.8 


9.0 (2.0, 30.0) 




Luminal B 


29.0±22.2 


26.5 (12.0, 41.3) 




17.3±20.6 


8.0 (2.8, 30.8) 




HER2 type 


41.1 ±35.6 


27.5 (15.0, 62.5) 




15.9+18.2 


9.0(3.3,31.3) 




TNBC 


54.7±36.0 


61.5 (14.3, 81.3) 




33.7±31.6 


29.0 (6.0, 60.0) 




Recurrence 






0.123 






0.413 


Negative 


31.4±28.5 


23.0 (8.0, 45.8) 




19.3±23.6 


8.5 (2.0, 30.0) 




Positive 


41.3±29.3 


38.0 (23.0, 55.0) 




21.2 + 19.5 


15.0(2.5,37.5) 





Foxp3=forkhead box P3; SD= standard deviation; Q1 =25% quantile; Q3 = 75% quantile; Ki-67 LI = Ki-67 labeling index; LN = lymph node; ER = estrogen receptor; 
PR = progesterone receptor; HER2 = human epidermal growth factor receptor 2; TNBC=triple negative breast cancer. 
*p-value <0.05 was confirmed between luminal A-TNBC and luminal B-TNBC by the post hoc Conover test. 



Of four biologic subtypes, the densest infiltration of Foxp3 
Treg was observed in the aggressive TNBC subtype. In the tu- 
mor bed, a Ki-67 LI of > 14% (p = 0.004) and a worse histo- 
logic grade (p- 0.017) were significantly associated with the 
increased infiltration of Foxp3 Treg. 



Correlations between the ratios of Foxp3 Treg to CD4/CD8T 
cells and clinicopathological parameters 

Because Foxp3 Treg disturbs antitumor immunity by sup- 
pressing the activity of effector T cells, the relative ratio be- 
tween Foxp3 Treg and effector T cells was expected to be im- 
portant, in addition to the absolute count of Foxp3 Treg. Table 
4 shows the association between the clinicopathological pa- 
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Table 4. Correlation of clinicopathological characteristics with Foxp3 Treg/CD4 T cell 



Clinicopathological parameter 


Foxp3 Treg/CD4 T cell in tumor periphery 


Foxp3 Treg/CD4 T cell in tumor bed 




Mean±SD* 


Median (Q1 , Q3)* 


p-value 


Mean±SD* 


Median (Q1 , Q3)* 




p-value 


Age (yr) 






0.069 






0.678 


<35 


15.2 + 10.0 


17.9 (5.0, 25.0) 




52.2 ±74.8 


32.1 (2.5, 84.3) 




>35 


64.5 ±178.2 


24.8 (13.3,45.8) 




72.0±144.5 


32.5 (12.5, 75.0) 




Tumor size 






0.255 






0.021 


T1, 2 


60.2 ±177.2 


24.0 (12.6,42.5) 




68.2 ±142.3 


30.0 (12.5, 66.0) 




T3 


59.4±76.1 


30.0 (23.0,81.7) 




134.8 ±135.8 


79.2 (40.3, 243.8) 




Ki-67 LI (%) 






0.004 






0.104 


<14 


42.9 ±34.5 


19.6 (12.1,37.3) 




59.2 ±135.8 


29.2 (12.5, 58.3) 




>14 


68.6±210.9 


33.3 (20.8, 56.7) 




94.7 ±152.8 


41.4 (16.5, 80.8) 




LN metastasis 






0.054 






0.203 


Negative 


53.5±21.9 


26.7(15.3,48.5) 




79.8 ±158.8 


40.0 (12.5, 75.0) 




Positive 


29.2 ±32.0 


18.4 (12.0,38.1) 




55.5 ±150.3 


30.0 (13.3, 46.4) 




Histologic grade 






0.014 






0.022 


1 


45.9 ±89.0 


17.5 (13.1,33.3) 




36.1 ±212.8 


23.5 (10.0, 62.5) 




2 


60.1 ±198.7 


24.5 (12.5,37.5) 




60.0 ±102.0 


30.0 (10.0, 58.0) 




3 


77.2 ±179.9 


40.0 (22.3, 60.0) 




84.4 ±132.3 


51.7(30.6, 86.1) 




Nuclear grade 






0.870 






0.618 


1 


65.7 ±133.7 


17.1 (13.3,60.0) 




14.8 ±332.9 


32.0 (12.5, 59.2) 




2 


57.8± 177.8 


24.3 (13.0,40.0) 




60.5 ±95.6 


30.0 (10.4, 73.8) 




3 


65.9 + 181.5 


26.7(12.3,48.3) 




72.0±130.5 


43.3 (15.0, 75.0) 




ER status 






0.205 






0.677 


Negative 


38.6 ±30.8 


34.5 (12.9,55.0) 




67.2 + 125.1 


41 .7 (8.0, 75.0) 




Positive 


66.4 ±196.6 


22.5 (13.3,40.0) 




72.3±147.2 


30.0 (12.5, 71.3) 




PR status 






0.178 






0.484 


Negative 


65.1 ±185.6 


34.5 (10.0,50.0) 




82.4 ±150.3 


40.0 (20.0, 75.0) 




Positive 


58.1 ±170.0 


21.5 (13.3,37.1) 




66.6 ±139.2 


31.0 (12.3, 70.0) 




HER2 status 






0.006 






0.693 


Negative 


48.0 ±152.2 


20.8 (12.5,38.5) 




64.7 + 111.1 


33.3 (13.5, 67.5) 




Positive 


92.5±221.2 


33.3 (17.9, 70.0) 




88.5 ±204.6 


30.0 (8.2, 77.5) 




Molecular subtype 






0.014+ 






U.bo4 


Luminal A 


50.0 ±164.2 


20.5 (12.3,34.0) 




60.4±97.4 


32.5 (13.7, 59.2) 




Luminal B 


121.1 ±282.6 


35.0 (19.5,103.6) 




117.0 + 265.6 


26.0(8.4,112.5) 




HER2 type 


33.9±27.5 


26.7 (9.6, 47.5) 




33.2 ±50.8 


32.5 (2.5, 48.4) 




TNBC 


37.9 ±30.3 


34.5 (14.5,57.5) 




95.3+171.6 


47.5(95.3,16.5) 




Recurrence 






0.014 






0.017 


Negative 


43.6+115.7 


22.5 (12.5,40.0) 




64.7 ±135.9 


30.0 (12.5, 60.0) 




Positive 


226.0 ±26.3 


40.0 (24.4, 157.1) 




144.5 ±193.0 


76.0(33.3, 112.5) 





Foxp3=forkhead box P3; SD= standard deviation; Q1 =25% quantile; Q3 = 75% quantile; Ki-67 LI = Ki-67 labeling index; LN = lymph node; ER = estrogen receptor; 
PR = progesterone receptor; HER2 = human epidermal growth factor receptor 2; TNBC=triple negative breast cancer. 
*Ratio of Foxp3 Treg to CD4 T cell; f p-value < 0.05 was confirmed between luminal A-luminal B by the post hoc Conover test. 



rameters and the ratio of Foxp3 Treg to CD4 T cells. In the tu- 
mor periphery, poor prognostic factors, such as a Ki-67 LI of 
> 14% (p = 0.004), a worse histologic grade (p = 0.014), HER2 
positivity (p- 0.006), and recurrence (p- 0.014), were associ- 
ated with high Foxp3 Treg/CD4 T cell ratios. Additionally, a 
significant difference was observed among the biologic sub- 
types (p = 0.014). In the tumor bed, a large tumor size {p- 



0.021), a worse histologic grade (p- 0.022), and tumor recur- 
rence (p = 0.017) were also associated with high Foxp3 Treg/ 
CD4 T cell ratios. Differences in the ratio between Foxp3 Treg 
and CD 8 T cells, according the included clinicopathological 
parameters, are shown in Table 5. Our results indicated that 
some poor prognostic factors were associated with high Foxp3 
Treg/CD8 T cell ratios. In the tumor periphery, breast cancers 
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Table 5. Correlation of clinicopathological characteristics with Foxp3 Treg/CD8 T cells 



Clinicopathological parameter 



Foxp3 Treg/CD8 T cell in tumor periphery 



Foxp3 Treg/CD8 T cell in tumor bed 



Mean±SD* 



Median (Q1 , Q3)* p-value 



Mean±SD* 



Median (Q1,Q3)* p-value 



Age (yr) 

<35 

>35 
Tumor size 

T1.T2 

T3 

Ki-67 LI (%) 

<14 

>14 
LN metastasis 

Negative 

Positive 
Histologic grade 

1 

2 

3 

Nuclear grade 
1 
2 
3 

ER status 

Negative 

Positive 
PR status 

Negative 

Positive 
HER2 status 

Negative 

Positive 
Molecular subtype 

Luminal A 

Luminal B 

HER2 type 

TNBC 
Recurrence 

Negative 

Positive 



14.4±8.51 
27.3±21.0 

26.4±21.0 
33.1 ±12.3 

22.8±17.9 
34.6±23.9 

29.4±23.1 
21.5 + 14.2 

20.0±19.2 
25.3±19.2 
38.3±22.6 

22.4±18.6 
26.4±21.6 
29.6±18.7 

34.5±25.7 
24.4±18.6 

34.8±25.9 
23.3±17.2 

25.7±19.4 
29.3±24.1 

24.3±18.0 
25.4±21.4 
34.7 + 27.7 
35.6±25.1 

25.6±20.3 
37.1 ±23.2 



16.7(8.0, 20.8) 
23.8 (11.4, 37.5) 

22.0 (10.6, 37.5) 
31.7(24.8, 39.0) 

18.1 (10.0, 33.0) 
33.3 (18.2, 41.7) 

25.0 (11.0, 40.0) 
18.5 (11.0, 33.8) 

16.5 (7.5,25.4) 
22.3 (11.4, 34.6) 
33.7(22.1,43.3) 

17.1 (8.5,32.8) 

21.5 (10.6, 36.4) 
32.0 (13.8, 38.8) 

28.2 (13.1,45.0) 
19.2 (10.0, 36.0) 

32.0 (11.9, 51.5) 

18.8 (11.2, 33.3) 

22.9 (11.2, 37.1) 
22.0 (11.3, 40.0) 

19.2 (11.2, 36.8) 
19.8 (9.8,40.0) 
26.0 (11.9, 50.4) 

30.6 (13.8, 61.7) 

20.0 (10.8, 36.4) 
35.0 (29.6, 40.6) 



0.092 



0.159 



0.002 



0.117 



0.001 



0.344 



0.053 



0.023 



0.551 



0.396 



0.035 



14.3±12.4 
30.6±37.0 

28.9±35.2 
52.1 ±55.6 

23.1 ±26.3 
43.7 ±48.5 

32.2 ±38.7 
25.5±31.2 

16.1 ±18.7 
31.5±41.0 
41.4±34.2 

14.5±10.7 
29.5 ±38.3 
38.0±35.1 

40.7 ±39.0 
26.7±35.1 

41.3±42.8 

25.1 ±32.3 

29.2 ±33.0 
31 .5 ±44.6 

27.0 + 31.1 
27.0±47.9 
34.5 ±40.1 
45.5 ±40.0 

27.4±34.0 

54.3 ±49.3 



13.3 (0.0, 21.3) 
20.0 (6.3, 39.4) 

20.0 (5.9, 37.5) 
29.6 (11.7,100.0) 

14.1 (5.7, 3.6) 
27.8 (10.0,54.5) 

21.3 (6.5, 38.8) 
13.3 (4.8, 36.8) 

8.0 (5.0, 24.8) 
20.5 (5.0, 41 .7) 
33.3 (13.3,56.3) 

14.0 (5.0, 22.0) 
20.0 (5.8, 37.1) 
25.0 (12.5,54.4) 

29.5 (10.6,62.0) 
15.0 (5.8, 34.4) 

26.0 (9.4, 68.8) 
14.0 (5.9, 35.4) 

20.0 (6.7, 37.5) 
15.0 (5.0, 37.5) 

20.0 (6.3, 36.2) 

10.0 (4.8, 35.2) 

24.2 (2.5, 53.0) 

29.1 (11.3, 77.7) 

20.0 (6.0, 36.0) 

54.3 (9.7, 84.5) 



0.253 



0.213 



0.008 



0.283 



0.002 



0.095 



0.044 



0.054 



0.713 



0.317 



0.048 



Foxp3=forkhead box P3; SD= standard deviation; Q1 =25% quantile; Q3 = 75% quantile; Ki-67 LI = Ki- 
PR = progesterone receptor; HER2 = human epidermal growth factor receptor 2; TNBC=triple negative 
*Ratio of Foxp3 Treg to CD8 T cell. 



67 labeling index; LN = lymph node; ER = estrogen receptor; 
breast cancer. 



with a Ki-67 LI of > 14% (p = 0.002), a worse histologic grade 
(p = 0.001), PR negativity (p = 0.023), and tumor recurrence 
(p = 0.035) also had high Foxp3 Treg/CD8 T cell ratios. In the 
tumor bed, tumors with a Ki-67 LI of > 14% (p = 0.008), a 
worse histologic grade (p- 0.002), ER negativity (p = 0.044), 
and recurrence (p = 0.048) were found to possess high Foxp3 
Treg/CD8 T cell ratios. Interestingly, while the absolute count 



of Foxp3 Treg had no significant association with tumor re- 
currence, the relative ratio between Foxp3 Treg and effector T 
cells did. 

Impact of Foxp3 Treg infiltration on patients' outcome 

The absolute Foxp3 Treg count, the Foxp3 Treg/CD4 T cell 
ratio, and the Foxp3 Treg/CD8 T cell ratio were subclassified 
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into high or low groups in reference to their respective medi- 
an values. In the tumor periphery, univariate analysis con- 
firmed a significant difference in the 5 -year disease-free sur- 
vival (DFS) rate in two of those parameters. The 5 -year DFS 
rate was 98.5% in the low Foxp3 Treg group versus 85.7% in 
the high Foxp3 Treg group (p = 0.042). Similarly it was 98.5% 
in the low Foxp3 Treg/CD8 T cell group versus 86.2% in the 
high Foxp3 Treg/CD8 T cell group (p = 0.012) (Table 6, Figure 
2). For the tumor bed, no parameter was found to significant- 
ly influence DFS and overall survival (OS). 

Multivariate Cox analysis revealed that an advanced T stage 
(Tl, T2 vs. T3; p = 0.001; hazard ratio [HR], 8.568; 95% confi- 
dence interval [CI], 2.344-31.316), an advanced N stage (NO, 
Nl vs. N2, N3; p = 0.013; HR, 3.981; 95% CI, 1.336-11.860), 
and a high Foxp3 Treg/CD8 T cell ratio (low vs. high; p = 0.025; 

Table 6. Univariate analysis of Foxp3, CD4, and CD8 T cell infiltration 
and disease-free survival and overall survival 



Parameter 



DFS 5 ral(%) P " value OSrate(%) P " Va ' U8 



Tumor periphery 

Low Foxp3 Treg 98.5 0.042 97.2 0.594 

High foxp3 Treg 85.7 98.1 

Low Foxp3Treg/CD4T cell 95.8 0.080 95.7 0.113 

High Foxp3 Treg/CD4 T cell 87.9 1 00 

Low Foxp3Treg/CD8T cell 98.5 0.012 97.1 0.550 

High Foxp3 Treg/CD8 T cell 86.2 98.2 
Tumor bed 

Low Foxp3 Treg 93.8 0.877 97.1 0.537 

High Foxp3 Treg 90.6 98.3 

Low Foxp3 Treg/CD4 T cell 96.9 0.121 97.2 0.594 

High Foxp3 Treg/CD4 T cell 87.2 98.1 

Low Foxp3 Treg/CD8 T cell 95.4 0.407 97.1 0.548 

High Foxp3 Treg/CD8 T cell 89.0 98.3 

Foxp3 Treg, Foxp3 Treg/CD4 T cells, and Foxp3 Treg/CD8 T cells were sub- 
classified as high or low groups in reference to the respective median values. 
Foxp3=forkhead box P3; DFS = disease-free survival; OS = overall survival. 

Table 7. Multivariate analysis for patient prognosis 



HR, 5.572; 95% CI, 1.235-25.144) were predictive factors for 
decreased DFS. An advanced T stage (Tl, T2 vs. T3; p = 0.047; 
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Figure 2. (A) Kaplan-Meier survival curve comparing the high and the 
low forkhead box P3 (Foxp3) T reg infiltration group in tumor periphery. 
The 5-year disease-free survival (DFS) rate was higher in low Foxp3 
Treg group than in the high Foxp3 Treg group (p= 0.042). (B) Kaplan- 
Meier survival curve comparing the high Foxp3 Treg/CD8 group and the 
low Foxp3 Treg/CD8 group in tumor periphery. The 5-year DFS rate 
was higher in the low Foxp3 Treg/CD8 T cell group than in the high 
Foxp3 Treg/CD8 T cell group (p=0.012). 



Parameter 




DFS 






OS 




Hazard ratio 


95% CI 


p-value 


Hazard ratio 


95% CI 


p-value 


T stage 






0.001 






0.047 


T1,T2vs.T3 


8.568 


2.344-31.316 




11.406 


1.032-126.050 




N stage 






0.013 






0.075 


NO, N1 vs. N2, N3 


3.981 


1.336-11.860 




8.880 


0.804-98.085 




Foxp3 Treg (tumor periphery) 






0.056 






0.600 


Low vs. High* 


3.513 


0.967-12.766 




0.526 


0.048-5.805 




Foxp3 Treg/CD8 T cell (tumor periphery) 






0.025 






0.558 


Low vs. High* 


5.572 


1.235-25.144 




0.488 


0.044-5.383 





DFS = disease-free survival; OS = overall survival; CI = confidence interval; Foxp3= forkhead box P3. 

*Foxp3 Treg and Foxp3 Treg/CD8 T cells were subclassified as high or low groups in reference to the respective median value. 
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HR, 11.406; 95% CI, 1.032-126.050) was the only predictive 
factor for shorter OS (Table 7). 

DISCUSSION 

In the present study, we investigated the infiltration of Foxp3 
Treg, CD4, and CD8 T cells separately in the tumor periphery 
and tumor bed, and assessed its association with pathologic 
prognostic factors, biologic subtypes, and patients' outcome in 
breast cancer. Immunohistochemical studies were performed 
using representative full tissue sections instead of tissue micro - 
arrays, and each type of lymphocyte was manually counted on 
the immunostained slides. Therefore, selection bias was signif- 
icantly reduced, and the difference in zonal lymphocyte infil- 
tration could be identified with better accuracy than in studies 
using tissue microarrays. 

The results of the current study revealed that the tumor pe- 
riphery was remarkably more densely infiltrated by Foxp3 
Treg, CD4, and CD8 T cells than the tumor bed. This was in 
accordance with previously published results reporting that 
infiltration by Foxp3 Treg and CD8 T cells was more abun- 
dant in the tumors surrounding tissue than in the tumor bed 
[13]. Such a distinct difference in TIL density among different 
tumor areas highlights the importance of zonal quantification 
when investigating TIL. 

Furthermore, Foxp3 Treg infiltration was more closely relat- 
ed to the unfavorable parameters and had a greater influence 
on DFS in the tumor periphery than in the tumor bed. These 
results suggest that the suppression of antitumor immunity by 
Foxp3 Treg in the tumor periphery (the invasive front of tu- 
mor) is very important to its biologic behaviors. 

In both the tumor periphery and tumor bed, unfavorable 
pathological parameters (a Ki-67 LI of > 14%, a worse histo- 
logic grade and nuclear grade, tumor recurrence, and aggres- 
sive biologic subtype [TNBC]) were associated with more 
Foxp3 Treg infiltration. These results are in agreement with 
those of previous studies reporting the correlation between 
increased Foxp3 Treg infiltration and unfavorable pathologic 
phenotypes in breast cancer [12-14]. 

Besides the absolute count of Foxp3 Treg, its relative ratios to 
CD4 and CD8 T cells were also investigated. An increased ra- 
tio between Foxp3 Treg and effector T cells was correlated with 
various unfavorable parameters (a Ki-67 LI of > 14%, a worse 
histologic grade, hormone receptor negativity, HER2 positivity, 
and tumor recurrence). Few studies have examined Foxp3 
Treg infiltration together with effector T cells. CD8 T lympho- 
cytes, a major target of Foxp3 Treg, are a crucial component of 
tumor-specific cellular-adaptive immunity Additionally, Foxp3 
Treg constitutes a subgroup of CD4 T cells while paradoxically 



suppressing Foxp3 -negative CD4 T cells. Therefore, the relative 
ratio between Foxp3 Treg and the T effector cell population is 
presumed to be important for the efficiency of antitumor im- 
munity [24]. Our results provide evidence supporting such a 
presumption and suggest that both the absolute count of Foxp3 
Treg and its relative ratio to effector T cells influence prognos- 
tic parameters. 

Hormonal receptor negativity and HER2 amplification have 
been demonstrated to be closely related to increased Foxp3 
Treg infiltration in breast cancer [12-14]. This study also iden- 
tifies that these two factors tend to correlate with more Foxp3 
Treg infiltration although statistical significance was only con- 
firmed for some variables. Furthermore, TNBC had a tenden- 
cy to show higher Foxp3 Treg infiltration than the other sub- 
types, suggesting that Foxp3 Treg might contribute to the im- 
mune evasion in TNBC, the most aggressive biologic subtype. 
Accordingly, Foxp3 Treg can be considered as an important 
therapeutic target for TNBC, for which no effective targeted 
therapies are known to date. The modulation of suppressive 
activity of Treg is expected to potentiate antitumor immunity. 
Thus, some strategies can be considered for using Treg as a 
cancer therapeutic modality: some chemotherapy agents are 
known to reduce the number of Treg and to depress its sup- 
pressive activity [25]; systemic elimination of Treg by means 
of monoclonal antibodies to surface molecules enhances the 
natural and vaccine-induced antitumor responses of T cells 
[26]; the differentiation and expansion of Treg can be blocked 
by the inhibition of factors (such as IL-10 or TGF-(3) involved 
in Treg conversion [27]. 

Furthermore, univariate analysis revealed that as Foxp3 Treg 
infiltration and Foxp3 Treg/CD8 T cell ratio in the tumor pe- 
riphery increased, DFS decreased. Conversely, these two fac- 
tors had no influence on DFS in the tumor bed. These results 
are consistent with those published by Gobert et al. [28]. 

However, in a previous project [29], we investigated Foxp3 
Treg infiltration in TNBC, but found no significant correla- 
tion between DFS/OS and Foxp3 Treg. The discrepancy in 
these results probably stemmed from the intrinsic prognostic 
difference between the study groups. 

Nonetheless, the present study failed to demonstrate the dif- 
ference in OS according to Foxp3 Treg infiltration. Such a re- 
sult is likely owing to the very few number of patients (3 pa- 
tients, 2.1%) who died from breast cancer in the study group. 
This is thought to be a limitation of our study. 

In conclusion, the infiltration densities of Foxp3 Treg, CD4, 
and CD8 T cells were markedly different between the tumor 
bed and its periphery. In addition to a high absolute count of 
Foxp3 Treg, a high ratio between Foxp3 Treg and effector T 
cells was also a significant prognostic factor. 
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